Cancer is an important cause of morbidity in the elderly, and many medical conditions and treatments influence cancer risk. The Surveillance, Epidemiology, and End Results (SEER)-Medicare database can be used to conduct population-based case-control studies that elucidate the etiology of cancer among the US elderly. SEER-Medicare links data on malignancies ascertained through SEER cancer registries to claims from Medicare, the US government insurance program for people over age 65 years. Under one approach described herein, elderly cancer cases are ascertained from SEER data (1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005). Matched controls are selected from a 5% random sample of Medicare beneficiaries. Risk factors of interest, including medical conditions and procedures, are identified by using linked Medicare claims. Strengths of this design include the ready availability of data, representative sampling from the US elderly population, and large sample size (e.g., under one scenario: 1,176,950 cases, including 221,389 prostate cancers, 185,853 lung cancers, 138,041 breast cancers, and 124,442 colorectal cancers; and 100,000 control subjects). Limitations reflect challenges in exposure assessment related to Medicare claims: restricted range of evaluable risk factors, short time before diagnosis/selection for ascertainment, and inaccuracies in claims. With awareness of limitations, investigators have in SEER-Medicare data a valuable resource for epidemiologic research on cancer etiology.
Cancer is a major cause of morbidity in the United States, with a total of 1.34 million cases reported during 2005 from 49 of the 50 states (1). Cancer incidence typically rises with age, and a disproportionate fraction of cases occur among the elderly. For example, among people aged 65 years or older in the same 49 US states in 2005, there were 738,000 cancers (55% of the US total), including 131,000 lung cancers (67%), 90,000 colorectal cancers (64%), 113,000 prostate cancers (61%), and 79,000 female breast cancers (42%) (1) .
Medical conditions are among the factors that are known or suspected to affect cancer risk. Examples of important etiologic associations include viral infections (e.g., human immunodeficiency virus (HIV) with Kaposi sarcoma and non-Hodgkin lymphoma, hepatitis C virus with liver cancer), autoimmune conditions (e.g., rheumatoid arthritis and Sjögren syndrome with non-Hodgkin lymphoma, ulcerative colitis with colon cancer), and metabolic conditions (e.g., obesity with cancers of the colon, esophagus, and uterus) (2) (3) (4) (5) (6) . In addition, certain medical treatments or procedures can strongly increase subsequent cancer risk (e.g., radiation therapy and sarcomas, solid organ transplant and non-Hodgkin lymphoma) (4, 7) . These associations arise because of the direct effects of the medical conditions or their treatment (e.g., inflammation, metabolic disturbances, or direct DNA damage), or they may be explained by shared genetic traits or environmental exposures that predispose to both the medical condition and cancer. As with cancer, the prevalence of many of these medical conditions increases with age.
Understanding the etiology of cancer in the US elderly is important, especially given the overall aging of the population. The Surveillance, Epidemiology, and End Results (SEER)-Medicare database links data from the National Cancer Institute's SEER cancer registry program with claims data from Medicare, the federally funded insurance program for the US elderly. These data are made available to investigators and have been used extensively in research (details at http://healthservices.cancer.gov/seermedicare/). This resource is valuable for conducting research on cancer in the elderly because, as we describe below, it combines population-based ascertainment of cancer outcomes with insurance claims that can be used to assess the prevalence of medical conditions and treatments. For example, we previously used SEER-Medicare data in several case-control studies that evaluated risk of hematologic malignancies and skin cancers in association with immune-related conditions (8) (9) (10) (11) (12) (13) (14) (15) .
In the present paper, we describe a general approach to case-control studies of cancer using SEER-Medicare data. We highlight opportunities available to researchers and describe appropriate methods. In particular, we document unique challenges that arise from limitations in exposure assessment related to Medicare claims data, including a restricted range of evaluable risk factors, short time before cancer diagnosis or control selection for ascertainment of medical conditions and treatments, and inaccuracies in claims. These topics were not covered in our previous studies, which were examples of this approach but did not address detailed issues in methodology.
MATERIALS AND METHODS

SEER-Medicare data sources
SEER is a National Cancer Institute-funded program collecting data on cancer incidence and survival from US cancer registries (http://www.seer.cancer.gov). SEER began in 1973 with 9 state and metropolitan area cancer registries. Successive expansions in 1992 and 2001 led to the inclusion in SEER of 17 cancer registries that presently cover approximately 26% of the US population. The number of elderly adults (aged !65 years) in SEER coverage regions and the number of cancers in the elderly population are shown by calendar year in Table 1 Medicare reimburses providers under a fee-for-service model for specific procedures (e.g., office visit, surgery, radiographic imaging) tied to appropriate medical diagnoses. Alternatively, some Medicare beneficiaries (24% as of 2010) choose to enroll in a health maintenance organization (HMO) that provides capitated care (http://www.statehealthfacts.org/ index.jsp). HMOs are not required to submit claims to Medicare for individual services, so there is no information about specific medical conditions or health care provided for Medicare beneficiaries enrolled in HMOs.
The SEER-Medicare database comprises files created during electronic linkage of SEER and Medicare data (http:// healthservices.cancer.gov/seermedicare/). The linkage utilizes a deterministic algorithm based on name, Social Security number, sex, and date of birth. The match successfully links 94% of the SEER cancer cases over age 65 years with specific Medicare recipients, the deficit reflecting that 3% of elderly people do not have Medicare and that an additional 3% do not have sufficient or accurate enough information for the linkage. Table 2 describes the files included in the SEERMedicare database. The patient entitlement and diagnosis summary file (PEDSF) contains information on all SEER cancer cases who matched to Medicare records, including demographic data, details from SEER on cancer type (e.g., site, morphology, grade, stage), Medicare eligibility and coverage, and socioeconomic data collected by the US Census for the census tract where the patient resides. The summarized denominator (SUMDENOM) file contains similar demographic and Medicare data for a 5% sample of Medicare beneficiaries living in the SEER areas, randomly selected on the basis of the last 2 digits of their Social Security number. However, the SUMDENOM file excludes people from the 5% sample who were reported to SEER with an incident cancer (i.e., individuals who are in the PEDSF file have been removed from the SUMDENOM file).
The remaining files listed in Table 2 provide Medicare claims data for individuals in the PEDSF and SUMDENOM files. Specifically, the medical provider analysis and review (MEDPAR) file provides hospital claims for all short stay, long stay, and skilled nursing facility care. The national claims history (NCH) file includes claims from physicians and other noninstitutional medical care providers. The outpatient (OUTPT) file contains claims from institutional outpatient providers, including hospital outpatient departments, rural health clinics, renal dialysis facilities, outpatient rehabilitation facilities, and mental health centers.
An overview of the case-control study design
The SEER-Medicare database provides an opportunity to conduct case-control studies utilizing population-based sampling. Specifically, consider the population of all elderly Medicare beneficiaries (aged 65 years or older) living in the SEER registry areas as the source population, that is, a cohort that people enter when they receive Medicare coverage. By selecting cancer cases over age 65 years from the PEDSF file, which consists of cancers identified by the SEER registries, one obtains a complete census of all cancers arising in this source population. Although data on the entire Medicare cohort are not available, it is straightforward to construct a subcohort representing a 5% random sample. To do this, one utilizes the SUMDE-NOM file and adds back the people who developed cancer. This can be accomplished by using a flag in the PEDSF file that indicates which SEER cases were originally in the 5% sample. Using the 2008 version of the SEER-Medicare data, the authors found that the combined data set created from the SUMDENOM file and the flagged cases from the PEDSF file comprise a 5% subcohort of 812,290 Medicare beneficiaries who were living in SEER areas during some time point of SEER coverage. In a case-control study, one can sample from this 5% subcohort of Medicare recipients to create a representative sample of controls.
For the selected cases and controls, one then uses the linked Medicare claims prior to cancer diagnosis/control selection to identify the presence of medical conditions, treatments, or procedures (i.e., ''exposures'') possibly related to cancer risk. We emphasize that only exposures reflected in Medicare claims can be evaluated. As discussed below in more detail, this somewhat narrow definition prevents consideration of some important cancer risk factors. In the Discussion, we also review additional issues regarding availability and accuracy of claims that warrant careful attention.
Additional details on sampling of cases and controls
Because exposures are identified through Medicare claims, a key aspect of subject selection is to ensure comparability of the available Medicare data in cases and controls. Claims data are limited by age (data for most people are unavailable before age 65 years) and calendar year (no MEDPAR claims before 1986, no OUTPT or NCH claims before 1991; Table 2 ). In addition, for PEDSF cases diagnosed in 2003-2005, the most recent linkage does not include Medicare claims before 1998.
The PEDSF and the SUMDENOM files provide additional information on Medicare coverage status for each calendar month. Periods when subjects were covered by both Parts A and B and were not in an HMO are most informative with respect to claims data, and the investigator can use this information to select subjects with a minimum period of Medicare coverage or evaluate for differences in coverage between cases and controls that would lead to differential exposure assessment. For many analyses, we exclude a period prior to diagnosis/selection (several months to a year) from exposure assessment, because during this period cases may have been ill from their incipient cancer and, in comparison to controls, would have been more rigorously evaluated and treated for underlying conditions. These considerations affect case and control selection. For example, with the exclusion of 1 year of exposure data from Medicare claims immediately prior to diagnosis/selection, we use the following selection criteria for cases: 1) diagnosis in PEDSF of the cancer of interest as a first cancer, where the cancer was not diagnosed first on autopsy or on the death certificate; 2) age at cancer diagnosis of 66-99 years; 3) calendar year of cancer diagnosis of 1987 or after; 4) at least 13 months of Part A, Part B, non-HMO Medicare coverage prior to cancer diagnosis (because Medicare coverage is usually continuous, and exclusion of 1 year of data prior to diagnosis would entail at least 1 earlier month of coverage for assessment of exposures). Several variations are possible. First, the investigator may include all cases of the cancer of interest, not just as a first cancer; include cases diagnosed at autopsy or on death certificate; or not exclude cases based on a maximum age at cancer diagnosis. Second, depending on the importance of capturing outpatient claims documenting the exposure of interest, one may require that cases be diagnosed in 1992 or after to ensure availability of NCH and OUTPT claims data. Third, the investigator can specify that the minimum duration of Medicare coverage be continuous or that coverage be obtained over specific time windows prior to diagnosis.
Control selection from the 5% random sample of Medicare recipients in the SEER areas mirrors the above criteria for cases. For each calendar year from which cases were sampled, we enumerate individuals in the 5% random sample who were cancer free as of July 1 (the midpoint) of that year and who meet the specified Medicare coverage requirement (e.g., at least 13 months of prior Part A, Part B, non-HMO coverage). From the eligible group, we randomly select controls for each calendar year who are frequency matched to cases by sex and age as of July 1 of that year. Controls can be sampled only once in a calendar year, but they can be sampled repeatedly across multiple years, and they can later become cancer cases. However, cancer cases diagnosed in 2003-2005 cannot be used as controls before 2003, because unlike cancer cases before 2003, they lack claims data prior to 1998.
Additional details on exposure assessment using Medicare claims data For the selected cases and controls, the investigator assesses the presence of exposures of interest using the Medicare claims submitted prior to the diagnosis/selection date. Table 2 provides some relevant characteristics of the Medicare files; a more detailed description of Medicare claims files is beyond the scope of this article, and readers are referred elsewhere (http://www.resdac.umn.edu).
For many conditions, an inpatient diagnosis in MEDPAR may be considered to indicate a more severe manifestation than claims present only in the NCH or OUTPT files. In addition, for many conditions, inpatient diagnoses may be more reliable than other claims, because hospitals are more thoroughly audited for accuracy of claim diagnoses than individual providers (17) (18) (19) (20) . For this reason, we often consider a medical condition to be present if there is either a single MEDPAR diagnosis or 2 NCH or OUTPT diagnoses separated by at least 30 days. As noted above, we usually exclude a period prior to diagnosis/selection to avoid differential ascertainment of exposures between cases and controls. Additional measures of exposure that can be used to assess associations with cancer include latency (time from first Medicare claim for the exposure until diagnosis/selection), inpatient (MEDPAR) vs. outpatient-only (NCH or OUTPT) diagnoses, and a ''dose-response'' relation using the number of claims for the condition as a measure of severity.
Statistical analysis
The prevalence of the exposure of interest is compared between cases and controls by using contingency tables and unconditional logistic regression. In the logistic regression models, the investigator adjusts for the matching factors such as calendar year, sex, and age. Polytomous logistic regression is used when more than one type of cancer case is analyzed (e.g., subtypes of non-Hodgkin lymphoma).
Under the approach we have outlined, the variance of the odds ratios from these models needs to be adjusted for the multiple sampling of controls across calendar years and the inclusion of some controls as subsequent cases (12) . Further statistical details are given in the Appendix.
Upon request of the corresponding author, we will provide the following macros for SAS software (SAS Institute, Inc., Cary, North Carolina) that assist investigators in the selection of cases and controls and in statistical analyses, using the above approach.
1. ALLCANCER.FILE.SAS: Selects cancer cases from PEDSF.
SUMDENOM.ALLCANCERS.SAS: Selects matched
controls from the 5% random sample of Medicare beneficiaries in SEER areas. 3. ROBUSTVARIANCE: Performs polytomous logistic regression accounting for the sampling design described in this paper. Table 3 presents the number of SEER cancers in 1992-2005 selected as cases by using the criteria described above. Overall, there are 1,176,950 cancer cases, including 221,389 prostate cancers, 185,853 lung cancers, 138,041 breast cancers, and 124,442 colorectal cancers. Table 4 compares these cases with 100,000 cancer-free controls selected as described above. By design, the cases are frequency matched perfectly by sex, age category, and calendar year. The cases and controls are also similar in terms of race/ethnicity and duration of Medicare claims data. These controls represent 86,336 unique individuals, with 74,249 selected once, 10,709 selected twice, and 1,378 selected 3 or more times. Also, 7,125 controls (7.1%) subsequently developed cancer.
RESULTS
The prevalence of some example medical conditions and procedures among the controls is presented in Table 5 . As expected, some chronic viral infections (e.g., hepatitis C virus and HIV) and medical conditions (e.g., organ transplantation) that are strongly associated with cancers are quite rare in this population. A higher prevalence is seen for additional medical conditions and treatments of potential interest (e.g., rheumatoid arthritis, blood transfusion), and other conditions that may not be linked to cancer are also very common, as expected (e.g., depression, essential hypertension). The apparent prevalence of these conditions decreases with use of more stringent criteria, such as requiring multiple supporting claims (Table 5) . 
DISCUSSION
We describe a general approach for conducting populationbased case-control studies of cancer among the US elderly using SEER-Medicare data. Cases and controls are drawn from the population of Medicare beneficiaries over age 65 years who reside in SEER catchment areas. Exposures are assessed by using linked Medicare claims.
A major strength of such case-control studies is the essentially complete ascertainment of cancer cases from the source population. Cancer registries participating in the SEER program are required to meet strict standards with respect to Abbreviation: SEER, Surveillance, Epidemiology, and End Results. a Cases were individuals reported to SEER with a first invasive cancer at ages 66-99 years during calendar years 1992-2005, excluding cancers diagnosed at autopsy or by death certificate, and had a minimum of 13 months of Part A, Part B, non-health maintenance organization Medicare coverage preceding cancer diagnosis. Controls were selected from the 5% random sample of Medicare beneficiaries living in SEER areas. Controls were alive and cancer free as of July 1 in the calendar year of selection, and they were frequency matched to cases according to sex, age group (categories shown in table), and calendar year. Controls were also required to have a minimum of 13 months of Part A, Part B, non-health maintenance organization Medicare coverage preceding the selection date (July 1).
b Duration includes time when subjects were covered by Parts A and B of Medicare, were not enrolled in a health maintenance organization, were at least 65 years of age, and for whom claims data are included in the SEER-Medicare database. Medicare coverage does not have to be continuous.
case ascertainment and data quality (http://seer.cancer.gov). PEDSF data derived from SEER include information on tumor histology, grade, and stage, allowing analysis by cancer subtype. In parallel, the availability of a 5% random subcohort of Medicare beneficiaries provides an opportunity to select controls who appropriately reflect the source population. Individuals in this subcohort are eligible to be selected as controls for as long as they remain cancer free.
Cases and controls are thus fully representative of the elderly Medicare population living in SEER areas. These samples can be generalized to the entire US elderly population with 2 caveats. First, 3% of people over age 65 years do not have Medicare. Medicare eligibility depends on having Social Security benefits, or being married to someone with benefits, which in turn depends on documentation of work history. Although the proportion of elderly who do not qualify is very small, presumably poor people and recent immigrants would be overrepresented. The second caveat is that SEER areas are not entirely representative of the overall US population. SEER areas were selected to include a relatively large fraction of racial/ethnic minorities (refer to http://seer .cancer.gov/). SEER areas also overrepresent urban areas and higher income persons (16) .
As we illustrate in Table 3 , an added strength of the described approach is the very large number of cancer cases and controls that can be evaluated. The sample size is substantial even for some less common cancers, and these large numbers enhance the investigator's ability to examine rare medical conditions and procedures as cancer risk factors.
Importantly, researchers should be cautioned regarding several limitations. Because Medicare coverage is largely restricted to elderly people, the SEER-Medicare data cannot be used to evaluate risk factors that arise earlier in life. Likewise, the vast majority of cancer cases who can be included in a case-control study (i.e., with antecedent Medicare claims data for exposure assessment) are over age 65 years. One must be cognizant that results from studies of the elderly may not be generalizable to younger populations. Nonetheless, because risk of most cancers increases steeply with age, such studies are directly informative for a substantial fraction of cancer cases.
The major issues with use of SEER-Medicare to conduct case-control studies concern the completeness and accuracy of Medicare claims to evaluate risk factors of interest (i.e., exposure assessment). First, only conditions diagnosed and recorded by a health-care provider, or related procedures, can be evaluated. If a medical condition is asymptomatic or underdiagnosed in the elderly (e.g., possible examples include hepatitis C virus infection, depression, and alcoholism), then reliance on Medicare claims will lack sensitivity. In addition, as described earlier, Medicare claims (particularly in NCH) may falsely document the presence of a condition when it is not actually present. This nonspecificity can be reduced by requiring multiple claims or a MEDPAR claim for the condition.
Furthermore, the claims files described in Table 2 do not provide data on some classical exposures of interest to cancer epidemiologists. For instance, there are limited data on tobacco or alcohol use, except indirectly as indicated by the presence of medical conditions that arise from smoking (e.g., emphysema) or drinking (e.g., alcoholic hepatitis), or laboratory test results, except when abnormalities trigger a medical diagnosis (e.g., anemia). Similarly, data on physical activity and body mass index are not available, although obesity itself can be evaluated as a claims diagnosis. Without Part D data, researchers have no information on medication use, except for certain drugs administered as infusions or injections (e.g., chemotherapy). These restrictions limit the range of conditions that can be evaluated as risk factors.
As noted above, we typically exclude a period prior to cancer diagnosis/control selection from exposure assessment, because medical evaluation of cases likely leads to heightened ascertainment of medical conditions. This bias could be quite severe, since cases, as they develop early signs of cancer, would be expected to increasingly visit their Abbreviations: MEDPAR, medical provider analysis and review; NCH, national claims history; OUTPT, outpatient.
a For these conditions, diagnosis was based on claims excluding the 12-month period prior to control selection.
b Diagnosis of end-stage renal disease was based on at least 1 NCH or OUTPT claim for this condition or administration of dialysis in each of the 3 months prior to selection.
c Diagnosis of kidney transplant is based on a claim in MEDPAR with a diagnosis-related group code indicating that the procedure was performed during a hospitalization.
d Diagnosis of blood transfusion was based on claims in MEDPAR indicating the transfusion of packed red blood cells as a procedure or an indication that the number of transfused units (BLDPNTS variable) was greater than 0. The 12-month period prior to control selection was excluded.
health-care providers. Both nonspecific health complaints and symptoms related to the organ system in which the incipient cancer is situated would prompt added testing and diagnoses in cases.
An example that supports exclusion of a period prior to diagnosis/selection is provided in Table 6 , using unpublished data from a case-control study of skin cancer in the elderly (15) . HIV infection is an established strong risk factor for Kaposi sarcoma, and results using the Medicare claims data for the period before 3 months prior to case diagnosis/control selection support this conclusion (2.33% of cases with a claim for HIV vs. 0.13% of controls, yielding a crude odds ratio of 18). However, these prevalence estimates based on antecedent Medicare claims substantially underestimate the true HIV prevalence. Notably, for the cases, many additional HIV diagnoses are present in the Medicare claims data in the months at or after Kaposi sarcoma diagnosis, reflecting both newly diagnosed infections (prompted by HIV testing after recognition of the cancer) and initial claims for previously recognized HIV infection. Indeed, the 14 HIV claims prior to diagnosis represent only 20% of all such claims among the cases. In contrast, controls have few additional claims documenting HIV infection at or after their selection date, reflecting an absence of specific medical attention and testing relative to their arbitrary selection date. To avoid differential exposure assessment between cases and controls, one must utilize only the HIV diagnoses prior to case diagnosis/control selection, even though this approach results in a marked underascertainment of HIV (particularly for the cases). In turn, this nondifferential underascertainment leads to a bias toward the null in the magnitude of association with exposures of interest.
Another important limitation in exposure assessment arises from the restricted window available before diagnosis/selection in which to assess Medicare claims. Specifically, claims data are not available prior to age 65 years (rarely, data are available from younger ages if the person was covered due to end-stage renal disease or disability) or 1986 for inpatient data in MEDPAR (NCH and OUTPT data begin in 1991). In addition, for cases and controls from 2003 to 2005, only claims in 1998 and after can be assessed. One may evaluate associations with time since first Medicare claim as a proxy for duration of exposure (i.e., latency), and increasing risk with increasing duration can be taken as evidence for an etiologic relation. However, for many exposures, the interval based on claims data is only a rough proxy, because the data cover only a limited time period, and it is usually not possible to determine when the exposure was first present. Furthermore, if the effect of an exposure on cancer risk is greatest soon after onset of the exposure (e.g., a new user effect for medication), evaluation of claims data that capture mostly long-term exposures will lead to an underestimate of the association (21) .
While reliance on Medicare data somewhat restricts the duration over which associations can be assessed, the time window is often quite long. For example, among the controls shown in Table 4 , the median duration for which claims were available prior to selection was 8.0 years, and 30.1% had 11 years or more. Nonetheless, cases and controls selected at young ages or in early calendar years will have more limited claims data, and less opportunity to be identified as exposed to the risk factor of interest, than subjects selected at older ages or later in calendar time. Depending on the exposure of interest, there may be a minimum duration of available claims data required to be reasonably certain of capturing the exposure, which would then entail eliminating subjects who are younger or from earlier calendar years. Our approach to control selection matches them to the cases according to age and calendar year, so that the lack of sensitivity in exposure assessment that arises from the limited duration of claims data is nondifferential.
Although we focused on a case-control design, other options can be utilized with the SEER-Medicare database. One is a case-cohort study design, considering all cancer cases in the Medicare population along with the reconstructed 5% random subcohort. Using incidence density sampling, it would also be possible to individually match controls to cases to create a ''nested'' case-control study (i.e., nested in the Medicare cohort). However, given the extremely large number of subjects, both approaches are computationally challenging. The case-cohort design requires repeated evaluation of exposure information (i.e., prior medical conditions or treatments based on Medicare claims) in each successive risk set. For the nested case-control study, the computation burden associated with individual control selection and analyses using conditional logistic regression could be substantial, and this approach would only be feasible for cancers where the number of cases is not too large. Nonetheless, these case-cohort and case-control approaches would be expected to yield equivalent measures of association. In closing, we encourage investigators to utilize SEERMedicare data, which can be readily obtained, to conduct studies evaluating risk factors for cancer. Such studies have compelling strengths, including the availability of large population-based samples of cancer cases and representative controls. There are also important challenges, particularly related to the limitations and complexities of claims data, and we hope our discussion will facilitate appropriate study design and analysis. Although the corresponding covariance estimator accounts for the fact that the same control group is used for each disease subtype comparison, we additionally need to consider that, due to constraints in our subcohort, a substantial number of individuals were sampled multiple times as controls, and that some case individuals were sampled as controls prior to developing disease and becoming a case. Let the covariance matrix of the maximum likelihood estimates of the log odds ratio parameters be denoted by R. For each study subject, we obtain the scores S i ¼ (S i1 , . . ., S ik ), from each of the K polytomous logistic regression models. For example, for subject l, the score for model j, or, equivalently, h j , is given by S ij ¼ ÀX ij [Y ij À P(Y ij ¼ 1jX ij , h j )]. We define the matrix of scores for n study subjects as Control subjects have entries in every column of the score matrix S, as they contribute to all logistic models. Individuals who served as controls before they were selected as cases also contribute to several logistic models. By use of the above notation, the asymptotic variance of the estimates (h 1 , . . ., h k ) is given by RBR. B is estimated by the following equation:
where i denotes the sum over individuals, and the second sum inside refers to the repeated measurements on the same person.
